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A B S T R A C T
Childhood physical activity (PA) is important for health across the lifespan. Time pre-schoolers spend outdoors,
which has been associated with more PA, is likely inﬂuenced by parents’ perception of neighbourhood informal
social control relevant to pre-schoolers' PA, deﬁned as the willingness of neighbours to intervene to ensure
social order and a safe community environment for young children's active play. To advance measurement of
this construct, we assessed factorial and construct validities of the PA-related neighbourhood informal social
control scale for parents of pre-schoolers (PANISC-PP). In 2013–2014, Hong Kong primary caregivers (n=394)
of 3–5 year-old children completed a socio-demographic questionnaire, the preliminary version of the PANISC-
PP, and self-report measures of theoretical neighbourhood correlates of PA-related neighbourhood informal
social control (perceived signs of physical and social disorder, community cohesion, perceived stranger danger,
risk of unintentional injury and traﬃc safety). The ﬁt of the data to an a priori measurement model of the
PANISC-PP was examined using conﬁrmatory factor analyses. As the a priori model showed inadequate ﬁt to
the data, the factor structure was re-speciﬁed based on theoretical considerations. The ﬁnal measurement
models of the PANISC-PP showed acceptable ﬁt to the data and consisted of three correlated latent factors:
“General informal supervision”, “Civic engagement for the creation of a better neighbourhood environment” and
“Educating and assisting neighbourhood children”. The internal reliability of the subscales was good
(Cronbach's α values 0.82–0.89). Generalised additive mixed models indicated that all subscales were positively
associated with community cohesion and scores on the subscale “Educating and assisting neighbourhood
children” were related in the expected direction to all indicators of traﬃc and personal safety, supporting
construct validity of the PANISC-PP. This study suggests that the PANISC-PP is a reliable and valid instrument
for assessing parents’ perceived neighbourhood informal social control related to pre-schoolers' PA.
1. Introduction
Encouraging adequate levels of physical activity (PA) in pre-school-
ers is important for health in childhood and across the life-span
(Adamo et al., 2014; Carson et al., 2016; Innella, Breitenstein,
Hamilton, Reed, & McNaughton, 2016; Telama et al., 2014).
Unfortunately, the prevalence of pre-schoolers meeting the current
guideline of three hours of PA per day (Pate & O’Neill, 2012) is
typically low worldwide, ranging from as little as 5% to around 50%
(Cardon & De Bourdeaudhuij, 2008; Hinkley, Salmon, Okely,
Crawford, & Hesketh, 2012; Pate et al., 2015; Pujadas Botey,
Bayrampour, Carson, Vinturache, & Tough, 2015).
As posited by social ecological (Stokols, 1996) and social cognitive
theories (Bandura, 2004), PA behaviour is inﬂuenced by interacting
individual, social and environmental factors. Environmental factors are
particularly important for pre-schoolers as more time spent outdoors
has been shown to be associated with more PA (Cerin et al., 2016;
Hinkley, Crawford, Salmon, Okely, & Hesketh, 2008; Hinkley,
Salmon, Okely, Crawford, & Hesketh, 2012; Sallis et al., 1993). Due
to their low level of autonomy, pre-schoolers’ time outdoors is
dependent on parents’ safety perceptions of the environment, espe-
cially the immediate neighbourhood environment where most young
children are likely to play (Cerin et al., 2016). In fact, parental
perceptions that the neighbourhood was unsafe has been associated
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with their preschool children not being allowed to play outdoors
(O’Connor et al., 2014a) and being less active (Datar, Nicosia, &
Shier, 2013).
Parental perceptions of neighbourhood safety do not necessarily
reﬂect objectively measured safety (Carver, Timperio, & Crawford,
2008; Gielen et al., 2004; Kimbro & Schachter, 2011; Soltero, Cerin,
Lee, & O’Connor, 2016). They can be inﬂuenced by other factors, such
as the perceived level of collective eﬃcacy within the neighbourhood
(Sampson, Morenoﬀ, & Earls, 1999), which has been shown to be
associated with mothers’ fear of their children playing outdoors
(Kimbro & Schachter, 2011). Collective eﬃcacy for children is task
speciﬁc and related to adults’ shared expectations and mutual engage-
ment in the active support and social control of children (Sampson
et al., 1999). It is a combination of child-centred mutual trust and
community solidarity (i.e., social cohesion) and willingness to inter-
vene to ensure the maintenance of social order and safety in the
community (i.e., informal social control; ISC) (Sampson, Raudenbush,
& Earls, 1997). Child-centred ISC encompasses informal processes
such as educating children about safety, stopping and preventing
hazardous behaviours or situations, and assisting children in need.
Parents are more likely to allow their children to play outdoors if
residents of the community share mutual health-related goals (e.g.,
importance of being physically active) and there is a high level of child-
centred neighbourhood ISC that help shape a healthy social environ-
ment by reducing the incidence of undesired events, such as neigh-
bourhood safety concerns (McNeill, Kreuter, & Subramanian, 2006).
In fact, a recent study on parents of Latino preschool-age children
found child-centred neighbourhood ISC to be positively associated with
parenting practices encouraging participation in PA and with having
outdoor toys available to children for play (O’Connor et al., 2014b).
While the importance of neighbourhood ISC for engagement in PA has
been previously highlighted in theoretical papers (McNeill et al., 2006)
as well as empirical studies on school-age children and adolescents
(Duke, Borowsky, & Pettingell, 2012; Foster, Villanueva, Wood,
Christian, & Giles-Corti, 2014), ﬁndings on young, preschool-age
children are lacking.
To examine the potential eﬀects of parent-perceived neighbourhood
ISC on their PA-related parenting practices and the PA level of their
preschool-age children, appropriate validated measures are needed.
Until recently, measures speciﬁcally tailored to preschool-age chil-
dren's PA participation were not available. Coulton and colleagues
(1995) and Cerin et al. (2015) respectively developed scales of child-
centred neighbourhood ISC for parents of U.S. and Latino preschool-
age children. However, these scales were constructed with the aim of
assessing social processes primarily focused on the enhancement of
neighbourhood safety for young children in general rather than with
respect to their PA participation. Virtually all items included in these
two instruments describe processes pertaining to neighbourhood traﬃc
safety and safety from crime. However, as noted by a recent qualitative
study on Chinese parents of preschool-age children (Anonymous,
2014), child-centred neighbourhood ISC relevant to children's PA can
potentially target factors other than traﬃc and crime safety. These, for
example, include instructing children how to avoid injuries and
conﬂicts with other children while playing outdoors, teaching children
PA-related skills, and participation in civic actions for the creation and
enhancement of neighbourhood spaces and facilities appropriate for
young children.
To address the need for an instrument of child-centred PA-related
neighbourhood ISC for parents of young children, a preliminary
version of a scale (thereafter, PA-related neighbourhood ISC for
parents of pre-schoolers or PANISC-PP) was recently developed based
on formative qualitative research and expert input to ensure content
validity (Suen, Cerin, & Mellecker, 2014). Although the PANISC-PP
was developed in a Hong Kong Chinese setting, 13 of its 20 items were
identical or comparable to those included in the measure of child-
centred neighbourhood ISC developed for a U.S. Latino population
(Cerin et al., 2015). The remaining seven items covered aspects of ISC
that were more speciﬁcally related to PA (improving PA skills and
avoiding unintentional injuries) and described practices that are
typically used in most cultures (i.e., they were not Chinese-culture
speciﬁc). This makes the PANISC-PP potentially applicable to other
populations of parents of preschool-age children. Although the scale
showed good test-retest reliability and acceptable levels of internal
consistency (Suen et al., 2014), further validation work was necessary
as its factorial and construct validities had not been examined. Hence,
the aim of this study was to assess the factorial and construct validities
of the PANISC-PP (Suen et al., 2014). Mirroring a previous study on
Latino parents (Cerin et al., 2015), construct validity assessment was
based on an examination of the associations of dimensions of the
PANISC-PP with perceived neighbourhood attributes hypothesised to
be positively [community cohesion (Sampson et al., 1999) and traﬃc
safety (Inclán, Hijar, & Tovar, 2005)] or negatively [signs of physical
and social disorder (Cradock, Kawachi, Colditz, Gortmaker, & Buka,
2009), stranger danger (Sampson et al., 1999) and risk of unintentional
injury (Carver et al., 2008; Suen et al., 2014)] related to child-centred
neighbourhood ISC relevant to engagement in PA.
2. Materials and methods
2.1. Participants and procedures
A convenience sample of 394 Chinese-speaking primary caregivers
of 3–5 year old children was recruited from kindergartens, preschool
playgroup centres and Maternal Care and Health Clinics (MCHC) of the
Department of Health of the Hong Kong Special Administrative Region
(SAR) in 2013 and 2014. Recruitment locations were stratiﬁed by
administrative-area-level income (monthly domestic household in-
come >HK$ 24,500 representing medium-to-high income and ≤HK$
24,500 representing low-to-medium income) and population density (
> 9000 residents/km2 representing high density and ≤9000 residents/
km2 low density areas) because these two characteristics might
inﬂuence the type and levels of parents’ perception of PA-related ISC
and their children's PA (O’Connor et al., 2014b; Cohen, Finch, Bower,
& Sastry, 2006; Suen, Cerin, & Wu, 2015a).
Participants were included in the study if they identiﬁed themselves
as being a primary caregiver of at least one 3–5 year-old Chinese-
speaking child living in Hong Kong. Exclusionary criteria were parents/
primary caregivers of children with a disease aﬀecting their PA
behaviour or cognitive functioning, and those who were unable to read
and write in Chinese. All eligible participants provided written in-
formed consent. They were asked to complete a socio-demographic
questionnaire, the preliminary version of the PANISC-PP, and self-
report measures of perceived signs of physical and social disorder,
community cohesion, perceived stranger danger, risk of unintentional
injury and traﬃc safety. Additionally, participants’ census adminis-
trative areas of residence (named Tertiary Planning Units or TPUs)
were recorded for analytical purposes (see Data analysis plan). The
characteristics of the sample can be found in Table 1. Participants
represented 96 TPUs (~4 participants per TPU).
2.2. Measures
Child-centred PA-related neighbourhood ISC was measured using a
20-item scale developed for Hong Kong Chinese-speaking parents/
caregivers of preschool-age children (PANISC-PP) (Suen et al., 2014),
with items grouped into three a priori determined subscales: “Personal
Involvement and general informal supervision” (5 items; e.g., supervise
the neighbourhood children at all times), “Civic engagement for the
creation of a better neighbourhood environment” (7 items; e.g.,
organize meetings with the police and other organizations to promote
safety) and “Educating and assisting neighbourhood children” (8 items;
e.g., make sure the neighbourhood children do not play in dangerous
E. Cerin et al. SSM - Population Health 3 (2017) 57–65
58
areas). Each item was rated on a 5-point Likert scale ranging from
strongly disagree (1) to strongly agree (5). In a previous study, these
subscales showed substantial to excellent levels of test-retest reliability
[intra-class correlations (ICCs) ranged from 0.61 to 0.81] and accep-
table to excellent levels of internal consistency (Cronbach's alphas
ranged from 0.74 to 0.90) (Suen et al., 2014).
Community cohesion was measured using a validated Chinese
version (Suen, Cerin, Huang, & Mellecker, 2015b) of a 7-item scale
developed by Martinez et al. (2002). The scale included items tapping
feelings of membership, trust, mutual inﬂuence and social and emo-
tional ties among neighbours. Responses were given on a 5-point Likert
scale. The Chinese version of the scale showed substantial levels of test-
retest reliability (ICC: 0.60–0.80) and acceptable levels of internal
consistency (Cronbach's > 0.70) (Anonymous, 2015b). Perceived signs
of physical and social disorder, including descriptors of neighbour-
hood conditions that are relevant to caregivers of young children, were
gauged with a 16-item scale developed for a Hong Kong Chinese
population, with responses given on a 5-point frequency scale ranging
from ‘never’ (1) to ‘frequently’ (5). In a validity study, the scale showed
substantial levels of test-retest reliability (ICC = 0.60) and excellent
internal consistency (Cronbach's α = 0.88–0.91) (Suen et al., 2015b). A
Chinese validated version of a 4-item scale used in the Neighborhood
Impact on Kids Study (www.nikproject.org/index.htm) was employed
to assess perceived stranger danger (Suen et al., 2015b). Items were
rated on a 4-point Likert scale. Cronbach α for the Chinese version of
the scale ranged from 0.87 to 0.90, while test-retest reliability was
substantial (ICC = 0.69). Perceived traﬃc hazards and risk of
unintentional injury were measured with 5-item scales developed for
Hong Kong Chinese parents of preschool-age children (Suen et al.,
2015b). The test-retest reliability of these two scales ranged from
moderate to substantial, while their internal consistency ranged from
0.71 to 0.73 for the traﬃc hazards scale, and from 0.78 to 0.86 for the
risk of unintentional injury scale (Suen et al., 2015b). Respondents
rated each item on a 4-point Likert scale. Socio-demographic
characteristics of the respondent (age, sex, educational attainment,
household income and relationship with child) and their preschool-age
child (age and sex) were assessed using a questionnaire.
2.3. Data analysis plan
Descriptive statistics (mean, SD, median, interquartile range and
skewness) were computed for each item of the PANISC-PP (Table 2).
The validity of a measurement model of the PANISC-PP was examined
using Conﬁrmatory Factor Analysis (CFA). The a priori measurement
model (Fig. 1) was speciﬁed based on the results of a formative study
(Suen et al., 2014) suggesting that the PANISC-PP consisted of three
Table 1
Participants' characteristics (N=394).
Characteristics: Statistic (N=394)
Child's gender: frequency (%)
Male 226 (57.4%)
Female 168 (42.5%)
Child's age in years: Mean(SD) 4.2 (0.7)
Caregivers’ age, years: Mean(SD) 37.2 (6.0)
Caregivers’ gender: frequency (%)
Male 80 (20.3%)
Female 314 (79.7%)
Caregivers’ relationship with child: frequency (%)
Mother 306 (77.7%)
Father 79 (20.1%)
Others (female or male relative) 9 (2.2%)
Caregivers’ education attainment: frequency (%)
Up to lower secondary education 157 (39.8%)
Higher secondary education 47 (11.9%)
Associate degree or higher diploma 42 (10.7%)
Undergraduate degree 116 (29.4%)
Postgraduate degree 32 (8.2%)
Household monthly income (HK$): frequency (%)
< $15,000 73 (18.5%)
$15,000–$25000 90 (22.8%)
$25,000–$40,000 75 (19.1%)
> $40,000 156 (39.6%)
Area-level household income: frequency (%)
Low-middle (≤HK$ 24,500) 278 (70.6%)
Middle-high ( >HK$ 24,500) 116 (29.4%)
Area-level population density: frequency (%)
Low (≤9000 residents/km2) 271 (68.8%)
High (≤9000 residents/km2) 123 (31.2%)
Table 2
Descriptive statistics of items included in the original version of the PA-related Neighbourhood Informal Social Control scale for Parents of Pre-schoolers (PANISC-PP).
Items People in my neighbourhood… M (SD) Skew
1 …supervise the neighbourhood children at all times. 2.72 (0.88) 0.03
2 …take turns supervising the neighbourhood children. 2.57 (0.82) 0.01
3 …know and communicate with one another. 3.56 (0.73) -0.70
4 …get involved with the neighbourhood children. 3.29 (0.85) -0.31
5 …would call the police if something looked strange in our neighbourhood. 3.86 (0.60) -0.21
6 …post “children at play” warning signs when children are out playing. 2.79 (0.99) 0.28
7 …organise meetings with the police and other organisations to promote safety. 3.17 (0.79) -0.28
8 …work with the city to ensure that parks are equipped with good facilities for children to play. 3.54 (0.81) -0.39
9 …work with the city to ensure that parks are well maintained and regularly cleaned for children to play. 3.60 (0.81) -0.47
10 …work with the city to get more police patrols in our neighbourhood. 3.36 (0.79) -0.19
11 …work with the city to improve street lighting in our neighbourhood. 3.45 (0.73) -0.40
12 …work with the city to reduce traffic speed limits in our neighbourhood. 3.35 (0.77) -0.17
13 …take children out of a conflict situation. 3.41 (0.77) -0.25
14 …will verbally correct a neighbourhood child when his/her parent is not around. 3.48 (0.74) -0.81
15 …make sure the neighbourhood children do not play in dangerous areas. 3.91 (0.70) -0.75
16 …assist children when they climb on something. 3.75 (0.77) -0.71
17 …discourage children from playing in parks where there are wanderers. 3.77 (0.79) -0.36
18 …advise children not to follow strangers. 4.17 (0.71) -0.81
19 …educate children how to use the facilities correctly to avoid injuries. 3.98 (0.70) -0.65
20 …educate children how to play with other children to avoid conflict. 3.98 (0.71) -0.82
Note. M = mean; SD = standard deviation.
E. Cerin et al. SSM - Population Health 3 (2017) 57–65
59
correlated latent factors: “Personal involvement and general informal
supervision”, “Civic engagement for creation of better neighbourhood
environment” and “Educating and assisting neighbourhood children”.
Speciﬁcally, items were grouped into these three factors based on an
analysis of their content by a panel of experts (Suen et al., 2014) and an
analysis of previous instruments of child-centred neighbourhood ISC
(Cerin et al., 2015; Coulton, Korbin & Su, 1996). Seven items that
described concrete organised group actions promoting speciﬁc changes
in the neighbourhood environment to enhance the level of safety and
the provision of appropriate places for play for young children were
hypothesised to measure the latent factor of “Civic engagement for the
creation of better neighbourhood environment” (Cerin et al., 2015;
Suen et al., 2014) (see Fig. 1). Eight items describing actions that
neighbours would undertake to educate and assist neighbourhood
children regarding safe and disciplined active play outdoors were
hypothesised to load on the latent factor “Educating and assisting
neighbourhood children” (Coulton et al., 1996; Suen et al., 2014). The
remaining ﬁve items describing passive supervision of children and
broader, non-speciﬁc interactions with neighbours were made to load
on the latent factor “Personal involvement and general informal
supervision” (Cerin et al., 2015; Coulton et al., 1996; Suen et al.,
2014). These factors were hypothesised to be positively correlated
(Cerin et al., 2015; Suen et al., 2014).
CFAs were based on the Maximum Likelihood Estimation method
(robust estimation) (Yuan & Bentler, 2000). Analyses were conducted
on residualised within-administrative-area (within-TPU) responses to
items (i.e., scores on items from which TPU-level variance was
partialled out) to address the presence of clustering eﬀects at the
TPU level that, in turn, would invalidate the standard errors of the
factor loadings (Cerin, 2011; Cerin et al., 2010). No evidence of
residual variance at the recruitment-site (kindergarten/playgroup or
MCHC) level was found after accounting for TPU-level variance.
Jöreskog and Sörbom's iterative model-generating approach was used
to re-specify the models including an inspection of standardised factor
loadings, standardised residual covariances, univariate Langrage multi-
plier tests, Wald tests, multivariate outliers, and theoretical considera-
tions (Jöreskog & Sörbom, 1993). The global goodness-of-ﬁt of the
models was tested by the comparative ﬁt index (CFI), the root mean
square error of approximation (RMSEA), and the standardized root
mean squared residual (SRMR). CFI value ≥0.95, RMSEA value ≤0.06
and SRMR value ≤0.08 were indicative of good model ﬁt. We treated
CFI values ≥0.90 as indicative of acceptable levels of model ﬁt as they
are strongly inﬂuenced by the magnitude of correlations between
variables, if the other two ﬁt indices met Hu and Bentler's stricter
criteria (Hu & Bentler, 1995). The Satorra-Bentler scaled χ2 test was
also reported as it is robust to non-normally distributed data (Satorra
& Bentler, 2001). The local ﬁt of the models was examined with the
following parameters: standardised factor loadings, standardised re-
sidual covariances, univariate Langrage multiplier tests and Wald tests.
EQS 6.2 was used to conduct CFA.
After a ﬁnal measurement model of the PANISC-PP was estab-
lished, Cronbach's α coeﬃcients, corrected item-scale correlations and
mean inter-item correlation were computed to estimate the internal
consistency of the subscales. Mean inter-item correlations with values
ranging from 0.15 to 0.50 indicate an adequate level of internal
consistency (Clark & Watson, 1995).
To assess construct validity of the PANISC-PP, we estimated the
associations of each subscale (deﬁned as per ﬁnal measurement model)
with environmental correlates hypothesised to be associated with
aspects of PA-related ISC. Generalised additive mixed models were
used to estimate the associations adjusted for socio-demographic
confounders (e.g., respondent's age, sex, educational attainment and
household income). These models could account for the possibility of
curvilinear relationships, non-normality of response distributions, and
administrative-area-level clustering (Cerin, 2011; Cerin et al., 2014;
Wood, 2006).
3. Results
Table 2 shows the descriptive statistics of the PANISC-PP items.
The a priori factor structure of the PANISC-PP showed poor ﬁt to the
data, with none of the ﬁt indices meeting the pre-established criteria
[Satorra-Bentler scaled χ2 (167) = 553, p < .001; CFI = 0.833; SRMR =
0.101; RMSEA = 0.077, 95% CIRMSEA = 0.070, 0.084]. After consider-
ing standardised residual covariances and Lagrange multiplier tests,
the measurement model was re-speciﬁed as depicted in Fig. 2.
Fig. 1. A priori measurement model of the PA-related Neighbourhood Informal Social Control Scale for Parents of Pre-schoolers.
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Speciﬁcally, items 3, 4 and 6 were omitted from the model as they were
substantially loading on all three latent factors and, thus, did not gauge
a speciﬁc aspect on child-centred PA-related neighbourhood ISC. Item
6 (“would call the police if something look strange in our neighbour-
hood”) was made to load on the latent factor of “Civic engagement for
the creation of a better neighbourhood environment” rather than its
originally assigned factor of “Personal involvement and general in-
formal supervision” (Table 3). This change was theoretically justiﬁable
because item 6 described a form of engagement with a government
organisation (police) as did all other items loading on the Civic
engagement factor. Finally, items 8 and 9 were allowed to have
correlated error terms as they measured a similar construct – namely,
the improvement of the quality of parks. The ﬁnal measurement model
of the PANISC-PP, consisting of three correlated latent factors (Fig. 2
and Table 3), demonstrated acceptable ﬁt to the data with two indices
meeting Hu and Bentler's (1995) stricter criteria of model ﬁt [Satorra-
Bentler scaled χ2 (115) = 248, p < .001; SRMR = 0.066; RMSEA =
0.054, 95% CIRMSEA = 0.045, 0.063], and the other index (CFI = 0.932)
meeting the less stringent criterion.
Given that the items representing the factors “Civic engagement for
the creation of a better neighbourhood environment” and “Educating
and assisting neighbourhood children” did not signiﬁcantly change,
their name was retained. However, the factor “Personal involvement
and general informal supervision” was renamed into “General informal
supervision” to reﬂect the changes in the list of items representing the
latent factor. All standardised factor loadings were statistically sig-
niﬁcant at a probability level of < 0.001 and their absolute value
greater than 0.35. The corrected item-scale correlations were 0.81 for
the subscale of “General informal supervision”, ranged from 0.32 to
0.79 for “Civic engagement for the creation of a better neighbourhood
environment” and from 0.34 to 0.68 for “Educating and assisting
neighbourhood children” (Table 3). The correlation among the three
latent factors was positive and small-to-moderate in size (Table 3).
The internal reliabilities of the subscales were good, with
Cronbach's α values of 0.89 for “General informal supervision”, 0.87
for “Civic engagement for the creation of a better neighbourhood
environment”, and 0.82 for “Educating and assisting neighbourhood
children”. The average inter-item correlations of the three subscales
were 0.81 for “General informal supervision”, 0.48 for “Civic engage-
ment for the creation of a better neighbourhood environment” (range:
0.20–0.77) and 0.36 for “Educating and assisting neighbourhood
children” (range: 0.17–0.71), demonstrating a good level of internal
consistency.
After adjusting for socio-demographic characteristics, all three
subscales of the PANISC-PP showed strong positive associations with
community cohesion (Table 4). “Educating and assisting neighbour-
hood children” was the only subscale associated, in the expected
direction, with all other perceived neighbourhood environmental
attributes. “General informal supervision” and “Civic engagement for
the creation of a better neighbourhood environment” were respectively
negatively related to perceived traﬃc hazards and signs of physical and
social disorder (Table 4).
4. Discussion
The purpose of this study was to assess the factorial and construct
validities of the PANISC-PP, the only measure of PA-related neigh-
bourhood ISC for parents of preschool-age children currently available.
As noted earlier, although the PANISC-PP was originally developed in a
Chinese setting, its items describe practices that are not overtly speciﬁc
to the Chinese culture and may be applicable to other populations of
parents of young children. It is, thus, hoped that the PANISC-PP will
facilitate future investigations about the role of neighbourhood ISC in
pre-schoolers’ PA. In fact, despite the importance of the neighbourhood
social environment for children's PA and other health behaviours being
well documented (Carter & Dubois, 2010; Cohen et al., 2006; Duke
et al., 2012; Foster et al., 2014; Stone, Faulkner, Mitra, & Buliung,
2012), the eﬀect of neighbourhood ISC on preschool-age children's PA
remains understudied. A lack of appropriate measures of child-centred
neighbourhood ISC speciﬁcally focused on children's outdoor play and
PA might have been one of the contributing factors to the dearth of
research in this ﬁeld.
This study and earlier formative work (Suen et al., 2014) suggest
that the PANISC-PP is a reliable instrument consisting of three
correlated latent factors, including: “General informal supervision”,
“Civic engagement for the creation of a better neighbourhood environ-
ment” and “Educating and assisting neighbourhood children”. A non-
PA-speciﬁc scale of neighbourhood ISC recently developed for Latino
parents of preschool-age children displayed a somewhat similar
factorial structure with a latent factor tapping organised civic actions
for the enhancement of neighbourhood safety and pedestrian infra-
structure, and another factor assessing supervision and safety-related
education of, and provision of assistance to, children (Cerin et al.,
2015). The fact that the responses on the PANISC-PP items gauging
children's education, supervision and assistance were underlain by two
weakly correlated latent factors (“General informal supervision” and
Fig. 2. Final measurement model of the PA-related Neighbourhood Informal Social Control Scale for Parents of Pre-schoolers.
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“Educating and assisting neighbourhood children”) rather than a single
factor may be due to the PANISC-PP being a measure of ISC focused on
PA-related rather than general neighbourhood safety. Five of the eight
items of the PANISC-PP loading on the factor “Educating and assisting
neighbourhood children” make explicit reference to play or PA, all of
them refer to active behaviours (talking, education and advising) rather
than passive supervision, and six of them refer to speciﬁc threats that
children may encounter while playing in the neighbourhood (e.g.,
strangers, injuries, personal conﬂicts). In contrast, the two items
loading on the factor “General informal supervision” make no speciﬁc
reference to either PA/play or concrete sources of threat and are more
in line with the items pertaining to generic safety included in the
corresponding child-centred neighbourhood ISC subscale for Latino
parents (Cerin et al., 2015).
The provision of education and assistance to preschool-age children
playing outdoors was the dimension of ISC most frequently endorsed
by the respondents. The opposite was true for general informal
supervision. A comparable pattern of ﬁndings was observed in Latino
parents whereby two supervision-related items similar to those in-
cluded in the PANISC-PP were amongst the least frequently endorsed
by parents (Cerin et al., 2015). Parents may prefer to personally
supervise their young children while playing outdoors as opposed to
relying on neighbours. While outdoors, children are likely to play with
other children and interact with adult neighbours (usually parents of
other children). These social events oﬀer ample opportunities for adult
neighbours to provide safety-related advice, education and assistance
to participating children. Consequently, it is not surprising that items
describing such practices scored high amongst Latino as well as
Chinese parents of preschool-age children.
Two items originally hypothesised to assess “Personal involvement
and general informal supervision” (“know and communicate with one
another” and “get involved with the neighbourhood children”) were
omitted from the PANISC-PP as they signiﬁcantly loaded on all latent
factors. These items were also deemed more likely to measure
neighbourhood social cohesion than ISC, the former being under-
pinned by the strength of social relations, connectedness, sense of trust
and belonging among neighbours (Bruhn, 2009). In contrast, ISC refers
to the informal mechanisms by which residents of a neighbourhood
achieve public order (Sampson et al., 1997), which are activated via
relational networks present in socially cohesive communities (Bellair,
1997). Sampson et al. (1999) also suggested that whether residents are
willing to intervene for the common good or not depends on the levels
of trust and solidarity in the community. The fact that the two items
omitted from the PANISC-PP loaded on all latent factors can be
explained by social cohesion being deemed to aﬀect the whole construct
of ISC (Sampson et al., 1999). This supposition is supported by the
present study which, similarly to what was observed among Latino
parents (Cerin et al., 2015), found robust positive associations between
community cohesion and all three subscales of PA-related neighbour-
hood ISC. This ﬁnding, together with the other signiﬁcant associations
among aspects of PA-related ISC and neighbourhood safety observed in
this study, speak in favour of the construct validity of the PANISC-PP.
It is noteworthy that “Educating and assisting neighbourhood
children” was the only subscale of the PANISC-PP to be signiﬁcantly
associated in the expected direction with all neighbourhood safety
measures included in this study. This mirrors previous ﬁndings in
Latino parents among whom items measuring supervision, education
and assistance of children were positively associated with perceived
neighbourhood traﬃc safety and negatively related to traﬃc hazards,
stranger danger and signs of physical and social disorder (Cerin et al.,
2015). Actively educating and assisting neighbourhood children in
avoiding potential threats while playing outdoors may be more appro-
priate and eﬀective informal mechanisms for addressing a wide range
of day-to-day safety concerns than general passive supervision. In fact,
“General informal supervision” was weakly associated with only one
aspect of safety – namely, traﬃc hazards. As noted earlier, this form of
ISC may be too passive and non-speciﬁc to have a substantial impact on
parental perceptions of safety related to young children's participation
in PA.
A substantial number of items of the PANISC-PP loaded on the
latent factor of “Civic engagement for the creation of a better
neighbourhood environment”. This group of items describe civic
actions residents would engage in to improve the condition and safety
of places for children's PA through collective activities or agents of
formal social control (police and local government). With the exception
of the measure developed for Latino parents (Cerin et al., 2015), this
type of activities was not included in previous ISC scales which,
instead, focused on general supervision and assistance of neighbour-
hood children (Coulton et al., 1996; Franzini et al., 2009; Grafova,
2008). Civic engagement represents a mixture of informal and formal
Table 4
Associations of scores on the Physical Activity-related Neighbourhood Informal Social Control scale for Parents of Pre-schoolers (PANISC-PP) with self-reported neighbourhood
characteristics in Hong Kong Chinese parents of preschoolers (N=394).
PANISC-PP subscale
General informal
supervision
Civic engagement for the creation of a better
neighbourhood environment
Educating & assisting
neighbourhood children
[M = 2.64; SD = 0.82] [M = 3.47; SD = 0.58] [M = 3.79; SD = 0.51]
Neighbourhood characteristic
(theoretical range of scale)
M (SD) Cronbach α b (95% CI) b (95% CI) b (95% CI)
Community cohesion (1-5) 3.51
(0.51)
0.78 0.64 (0.50, 0.77)*** 0.34 (0.25, 0.45)*** 0.37 (0.28, 0.46)***
Perceived signs of physical and social
disorder (1-5)
1.89
(0.65)
0.91 -0.01 (-0.13, 0.11) -0.09 (-0.18, -0.02)* -0.09 (-0.17, -0.02)*
Perceived stranger danger (1-4) 2.78
(0.78)
0.91 -0.01 (-0.11, 0.10) -0.05 (-0.12, 0.03) -0.06 (-0.13, -0.01)*
Perceived risk of unintentional injury
(1-4)
2.48
(0.82)
0.87 -0.07 (-0.17, 0.03) -0.02 (-0.09, 0.05) -0.13 (-0.20, -0.05)**
Traﬃc hazards (1-4) 2.45
(0.52)
0.72 -0.16 (-0.31, -0.02)* -0.02 (-0.13, 0.08) -0.11 (-0.21, -0.02)*
Notes. Models adjusted for socio-demographic covariates (participant's age, gender educational attainment, household income, child's gender and age). Generalised additive mixed
models with Gaussian variance and identity link functions were used, accounting for clustering at the census-administrative-unit (Tertiary Planning Unit) level. Regression coeﬃcients
are interpreted as the diﬀerence in the outcome followed by a 1 unit increase in the correlate. No curvilinearity in associations was found.
* p < .05.
** p < .01.
*** p < .001.
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social control that may be employed when individual, child-focused
actions (education, supervision and assistance) are not suﬃcient to
address substantial community-level safety concerns (e.g., widespread
crime), and changes to formal aspects of community regulations (laws
and policies) or management are required. The presence of safety
concerns may sometimes trigger civil engagement among neighbours
and thus result in attenuated associations with neighbourhood safety
(Taylor, 1995). This may explain why signs of physical and social
disorder were the only perceived neighbourhood-safety characteristic
associated with “Civic engagement for the creation of a better neigh-
bourhood environment”. A recent study on Latino parents of pre-
school-age children also found fewer associations (although not with
signs of physical and social disorder) between this dimension of
neighbourhood ISC and perceived aspects of neighbourhood safety
(Cerin et al., 2015). Similarly, another study on 129 African-American
mothers of preschool-age children did not ﬁnd suﬃcient evidence of an
association between perceived crime and a subscale of social embedd-
edness including items related to neighbourhood informal social
control (e.g., exchange child care; greeting neighbours) (Martinez,
2000).
4.1. Strengths and limitations
One of the main strengths of this study pertains to the fact that the
development of the measure was based on the opinion provided by
parents / caregivers of preschool-age children in relation to their
children's participation in PA. Such a strategy enhanced the speciﬁcity
of the measure of neighbourhood ISC, leading to the development of an
instrument appropriate for studying neighbourhood social inﬂuences
on preschool-age children's PA. Participants were recruited from
neighbourhoods stratiﬁed by household income and population density
to maximise variability in neighbourhood characteristics that may
impact on children's PA and ISC (Cohen et al., 2006; O’Connor et al.,
2014b; Sampson et al., 1999; Suen et al., 2015a). Such a variance-
maximising strategy is likely to yield more robust estimates of
associations (Cerin et al., 2014). The study design and several measures
of correlates of ISC were comparable to those of a recent study on U.S.
Latino parents of preschool-age children, making it possible to some-
what examine the generalizability of ﬁndings across geographical
regions and cultures.
Our study has also limitations. First, the majority of the participants
were mothers of preschool-age children. Further studies could be
conducted to examine the generalizability of the factorial structure to
fathers and other signiﬁcant caregivers. Secondly, the perception and
level of PA-related ISC may vary across geographical locations and
cultures. It would be necessary to cross-validate the measure in other
samples of parents. However, the fact that the observed ﬁndings in a
Hong Kong Chinese sample were similar to those observed in a sample
of Latino parents living in the U.S. indicates that suitably translated/
adapted versions of the PANISC-PP are likely to be appropriate for use
with other populations of parents of young children. This scale was
developed and validated using convenience samples of parents and,
thus, may not capture all aspects of PA-related neighbourhood ISC that
a fully representative sample of parents would have identiﬁed. Yet,
these concerns are alleviated by the fact that the ﬁndings were similar
to those observed in a diﬀerent culture and the study aimed to recruit
parents from socio-economically and environmentally diverse commu-
nities. Finally, this study did not examine the criterion validity of the
PANISC-PP (associations with pre-schoolers’ PA), a limitation that
needs to be addressed in future research.
5. Conclusion
We have assessed the factorial and construct validities of the
PANISC-PP, a measure of PA-related neighbourhood ISC appropriate
for parents of preschool-age children. The scale consists of three
subscales, including: “General informal supervision”, “Civic engage-
ment for the creation of a better neighbourhood environment” and
“Educating and assisting neighbourhood children”. This study suggests
that the PANISC-PP has good factorial and construct validity, though
cross-validation of the measure in other samples of parents is required.
Further studies will need to examine the associations of the PANISC-
PP subscales with outdoor play opportunities, PA-related parenting
practices and children's PA, optimally accounting for parents’ PA levels
which are a major determinant of young children's PA (Ziviani et al.
2006). Such information will contribute to determining the criterion
validity of the scale and further assessing its construct validity.
Acknowledgements
This study was supported by grant 201001159011 – Seed Funding
Program for Basic Research (The University of Hong Kong) awarded to
Ester Cerin. Ester Cerin is supported by an Australian Research
Council Future Fellowship (FT #140100085). We thank all primary
caregivers for their participation. We also thank the staﬀ of all
kindergartens, preschool playgroup centers, and Maternal and Child
Health Centers (MCHC) of the Department of Health of Hong Kong for
their coordination and cooperation which made it possible to success-
fully complete this project.
References
Adamo, K. B., Barrowman, N., Naylor, P. J., Yaya, S., Harvey, A., Grattan, K. P., &
Goldﬁeld, G. S. (2014). Activity Begins in Childhood (ABC) - inspiring healthy active
behaviour in preschoolers: Study protocol for a cluster randomized controlled trial.
Trials, 15, 305. http://dx.doi.org/10.1186/1745–6215-15–305.
Bandura, A. (2004). Health promotion by social cognitive means. Health Education and
Behavior, 31(2), 143–164. http://dx.doi.org/10.1177/1090198104263660.
Bellair, P. E. (1997). Social interaction and community crime: Examining the importance
of neighbor networks. Criminology, 35(4),
677–704. http://dx.doi.org/10.1111/j.1745-9125.1997.tb01235.x.
Bruhn, J. (2009). The concept of social cohesion. , in: Bruhn, J. (Ed.). (2009). The group
eﬀect: Social cohesion and health outcomes . New York: Springer, 31–48.
Cardon, G. M., & De Bourdeaudhuij, I. M. (2008). Are preschool children active enough?
Objectively measured physical activity levels. Research Quarterly in Exercise and
Sport, 79(3), 326–332. http://dx.doi.org/10.1080/02701367.2008.10599496.
Carson, V., Hunter, S., Kuzik, N., Wiebe, S. A., Spence, J. C., Friedman, A., Tremblay, M.
S., & Hinkley, T. (2016). Systematic review of physical activity and cognitive
development in early childhood. Journal of Science and Medicine in Sport, 19,
573–578. http://dx.doi.org/10.1016/j.jsams.2015.07.011.
Carter, M. A., & Dubois, L. (2010). Neighbourhoods and child adiposity: A critical
appraisal of the literature. Health and Place, 16(3),
616–628. http://dx.doi.org/10.1016/j.healthplace.2009.12.012.
Carver, A., Timperio, A., & Crawford, D. (2008). Playing it safe: The inﬂuence of
neighbourhood safety on children’s physical activity. A review. Health and Place,
14(2), 217–227. http://dx.doi.org/10.1016/j.healthplace.2007.06.004.
Cerin, E. (2011). Statistical approaches to testing the relationships of the built
environment with resident-level physical activity behavior and health outcomes in
cross-sectional studies with cluster sampling. Journal of Planning Literature, 26(2),
151–167. http://dx.doi.org/10.1177/0885412210386229.
Cerin, E., Baranowski, T., Barnett, A., Butte, N., Hughes, S., Lee, R. E., & O’Connor, T. M.
(2016). Places where preschoolers are (in)active: An observational study on Latino
preschoolers and their parents using objective measures. International Journal of
Behavioral Nutrition and Physical Activity, 13, 29. http://dx.doi.org/10.1186/
s12966-016-0355-0.
Cerin, E., Cain, K. L., Conway, T. L., Van Dyck, D., Hinckson, E., Schipperijn, J., & Sallis,
J. F. (2014). Neighborhood environments and objectively measured physical activity
in 11 countries. Medicine and Science in Sports and Exercise, 46(12),
2253–2264. http://dx.doi.org/10.1249/MSS.0000000000000367.
Cerin, E., O’Connor, T. M., Mendoza, J. A., Thompson, D. I., Lee, R. E., Hughes, S. O., &
Baranowski, T. (2015). A child-centered scale of informal social control for Latino
parents of preschool-age children: Development and validation. Hispanic Journal of
Behavioral Sciences, 37(4),
541–559. http://dx.doi.org/10.1177/0739986315601616.
Cerin, E., Sit, C. H., Cheung, M. C., Ho, S. Y., Lee, L. C., & Chan, W. M. (2010). Reliable
and valid NEWS for Chinese seniors: Measuring perceived neighborhood attributes
related to walking. International Journal of Behavioral Nutrition and Physical
Activity, 7, 84. http://dx.doi.org/10.1186/1479–5868-7–84.
Clark, L. A., & Watson, D. (1995). Construct validity basic issues in objective scale
development. Psychological Assessment, 7,
309–319. http://dx.doi.org/10.1037/1040-3590.7.3.309.
Cohen, D. A., Finch, B. K., Bower, A., & Sastry, N. (2006). Collective eﬃcacy and obesity:
The potential inﬂuence of social factors on health. Social Science and Medicine,
62(3), 769–778. http://dx.doi.org/10.1016/j.socscimed.2005.06.033.
E. Cerin et al. SSM - Population Health 3 (2017) 57–65
64
Coulton, C. J., Korbin, J. E., & Su, M. (1996). Measuring neighbourhood context for
young children in an urban area. American Journal of Community Psychology, 23,
5–32. http://dx.doi.org/10.1007/BF02511881.
Cradock, A. L., Kawachi, I., Colditz, G. A., Gortmaker, S. L., & Buka, S. L. (2009).
Neighborhood social cohesion and youth participation in physical activity in Chicago.
Social Science and Medicine, 68, 427–435.
Datar, A., Nicosia, N., & Shier, V. (2013). Parent perceptions of neighborhood safety and
children’s physical activity, sedentary behavior, and obesity: Evidence from a
national longitudinal study. American Journal of Epidemiology, 177(10),
1065–1073. http://dx.doi.org/10.1093/aje/kws353.
Duke, N. N., Borowsky, I. W., & Pettingell, S. L. (2012). Parent perceptions of
neighborhood: Relationships with US youth physical activity and weight status.
Maternal and Child Health Journal, 16(1),
149–157. http://dx.doi.org/10.1007/s10995-010-0731-3.
Foster, S., Villanueva, K., Wood, L., Christian, H., & Giles-Corti, B. (2014). The impact of
parents' fear of strangers and perceptions of informal social control on children’s
independent mobility. Health and Place, 26,
60–68. http://dx.doi.org/10.1016/j.healthplace.2013.11.006.
Franzini, L., Elliott, M. N., Cuccaro, P., Schuster, M., Gilliland, M. J., Grunbaum, J. A., &
Tortolero, S. R. (2009). Inﬂuences of physical and social neighborhood environments
on children’s physical activity and obesity. American Journal of Public Health,
99(2), 271–278. http://dx.doi.org/10.2105/AJPH.2007.128702.
Gielen, A. C., Defrancesco, S., Bishai, D., Mahoney, P., Ho, S., & Guyer, B. (2004). Child
pedestrians: The role of parental beliefs and practices in promoting safe walking in
urban neighborhoods. Journal of Urban Health, 81(4), 545–555.
Grafova, I. B. (2008). Overweight children: Assessing the contribution of the built
environment. Preventive Medicine, 47(3),
304–308. http://dx.doi.org/10.1016/j.ypmed.2008.04.012.
Hinkley, T., Crawford, D., Salmon, J., Okely, A. D., & Hesketh, K. (2008). Preschool
children and physical activity: A review of correlates. American Journal of
Preventive Medicine, 34(5),
435–441. http://dx.doi.org/10.1016/j.amepre.2008.02.001.
Hinkley, T., Salmon, J., Okely, A. D., Crawford, D., & Hesketh, K. (2012). Preschoolers'
physical activity, screen time, and compliance with recommendations.Medicine and
Science in Sports and Exercise, 44(3),
458–465. http://dx.doi.org/10.1249/MSS.0b013e318233763b.
Hu, L., & Bentler, P. M. (1995). Evaluating model ﬁt. , in: Hoyle, R. H. (Ed.). (1995).
Structural equation modeling: concepts, issues, and applications . Thousand Oaks,
CA: Sage Publications, 76–99.
Inclán, C., Hijar, M., & Tovar, V. (2005). Social capital in settings with a high
concentration of road traﬃc injuries. The case of Cuernavaca, Mexico. Social Science
and Medicine, 61, 2007–2017. http://dx.doi.org/10.1016/j.socscimed.2005.04.024.
Innella, N., Breitenstein, S., Hamilton, R., Reed, M., & McNaughton, D. B. (2016).
Determinants of obesity in the Hispanic preschool population: An integrative review.
Public Health Nursing, 33(3), 189–199. http://dx.doi.org/10.1111/phn.12215.
Jöreskog, K. G., & Sörbom, D. (1993). LISREL 8: structural equation modeling with the
SIMPLIS command language Lincolnwood IL: Scientiﬁc Software International.
Kimbro, R. T., & Schachter, A. (2011). Neighborhood poverty and maternal fears of
children’s outdoor play. Family Relations, 60(4),
461–475. http://dx.doi.org/10.1111/j.1741-3729.2011.00660.x.
Martinez, M. L. (2000). Neighborhood context and the development of African American
children New York, NY: Garland.
Martinez, M. L., Black, M., & Starr, R. H. (2002). Factorial structure of the Perceived
Neighborhood Scale (PNS): A test of longitudinal invariance. Journal of Community
Psychology, 30(1), 23–43. http://dx.doi.org/10.1002/jcop.1048.
McNeill, L. H., Kreuter, M. W., & Subramanian, S. V. (2006). Social environment and
physical activity: A review of concepts and evidence. Social Science and Medicine,
63(4), 1011–1022.
O’Connor, T. M., Cerin, E., Hughes, S. O., Robles, J., Thompson, D. I., Mendoza, J. A., &
Lee, R. E. (2014). Psychometrics of the preschooler physical activity parenting
practices instrument among a Latino sample. International Journal of Behavioral
Nutrition and Physical Activity, 11, 3. http://dx.doi.org/10.1186/1479-5868-11-3.
O’Connor, T. M., Cerin, E., Lee, R. E., Parker, N., Chen, T. A., Hughes, S. O., &
Baranowski, T. (2014). Environmental and cultural correlates of physical activity
parenting practices among Latino parents with preschool-aged children: Niños
Activos. BMC Public Health, 14, 707. http://dx.doi.org/10.1186/1471-2458-14-707.
Pate, R. R., & O’Neill, J. R. (2012). Physical activity guidelines for young children: An
emerging consensus. Archives of Pediatrics and Adolescent Medicine, 166(12),
1095–1096. http://dx.doi.org/10.1001/archpediatrics.2012.1458.
Pate, R. R., O’Neill, J. R., Brown, W. H., Pfeiﬀer, K. A., Dowda, M., & Addy, C. L. (2015).
Prevalence of compliance with a new physical activity guideline for preschool-age
children. Childhood Obesity, 11(4),
415–420. http://dx.doi.org/10.1089/chi.2014.0143.
Pujadas Botey, A., Bayrampour, H., Carson, V., Vinturache, A., & Tough, S. (2015).
Adherence to Canadian physical activity and sedentary behaviour guidelines among
children 2 to 13 years of age. Preventive Medicine Reports, 3,
14–20. http://dx.doi.org/10.1016/j.pmedr.2015.11.012.
Sallis, J. F., Nader, P. R., Broyles, S. L., Berry, C. C., Elder, J. P., McKenzie, T. L., &
Nelson, J. A. (1993). Correlates of physical activity at home in Mexican-American
and Anglo-American preschool children. Health Psychology, 12(5), 390–398.
Sampson, R. J., Morenoﬀ, J. D., & Earls, F. (1999). Beyond social capital. Spatial
dynamics of collective eﬃcacy for children. American Sociological Review, 64(5),
633–660. http://dx.doi.org/10.2307/2657367.
Sampson, R. J., Raudenbush, S. W., & Earls, F. (1997). Neighborhoods and violent crime:
A multilevel study of collective eﬃcacy. Science, 277(5328), 918–924.
Satorra, A., & Bentler, P. (2001). A scaled diﬀerence chi-square test statistic for moment
structure analysis. Psychometrika, 66(4),
507–514. http://dx.doi.org/10.1007/BF02296192.
Soltero, E. G., Cerin, E., Lee, R. E., & O’Connor, T. M. (2016). Associations between
objective and self-report measures of traﬃc and crime safety in Latino parents of
preschool children. Journal of Immigrant and Minority Health. http://dx.doi.org/
10.1007/s10903-016-0498-8.
Stokols, D. (1996). Translating social ecological theory into guidelines for community
health promotion. American Journal of Health Promotion, 10(4),
282–298. http://dx.doi.org/10.4278/0890-1171-10.4.282.
Stone, M. R., Faulkner, G. E., Mitra, R., & Buliung, R. (2012). Physical activity patterns of
children in Toronto: The relative role of neighbourhood type and socio-economic
status. Canadian Journal of Public Health, 103(9 Suppl 3), eS9–14.
Suen, Y. N., Cerin, E., Huang, W. Y. J., & Mellecker, R. R. (2015). Measures of
environmental correlates of physical activity for urban Chinese preschool-aged
children: development and reliability. Sage Open,
1–8. http://dx.doi.org/10.1177/2158244015604690.
Suen, Y. N., Cerin, E., & Mellecker, R. R. (2014). Development and reliability of a scale of
physical activity-related informal social control for parents of Chinese pre-schoolers.
International Journal of Behavioral Nutrition and Physical Activity, 11, 87. http://
dx.doi.org/10.1186/s12966-014-0087-y.
Suen, Y. N., Cerin, E., & Wu, S. L. (2015). Parental practices encouraging and
discouraging physical activity in Hong Kong Chinese pre-schoolers. Journal of
Physical Activity and Health, 12,
361–369. http://dx.doi.org/10.1123/jpah.203-0123.
Taylor, R. (1995). The impact of crime on communities. The Annals of the American
Academy of Political and Social Science, 539, 28–45.
Telama, R., Yang, X., Leskinen, E., Kankaanpää, A., Hirvensalo, M., Tammelin, T., &
Raitakari, O. T. (2014). Tracking of physical activity from early childhood through
youth into adulthood. Medicine and Science in Sports and Exercise, 46(5),
955–962. http://dx.doi.org/10.1249/MSS.0000000000000181.
Wood, S. (2006). Generalized additive models: An introduction with R Boca Raton, FL:
Chapman Hall/CRC.
Yuan, K. H., & Bentler, P. M. (2000). Three likelihood-based methods for mean and
covariance structure analysis with non-normal and missing data. Sociological
Methodology, 30, 165–200.
Ziviani, J., Macdonald, D., Batch, J., Jenkins, D., Rodger, S., & Cerin, E. (2006). Physical
activity of young children. OTJR – Occupation, Participation and Health, 26, 1–12.
E. Cerin et al. SSM - Population Health 3 (2017) 57–65
65
